





Within the Prince George’s County Health Department (PGHD) located in the state of Maryland is the Department of Communicable and Vector-Borne Disease Control (CVDC), which handles the County’s rabies surveillance activities. In Prince George’s County, all animal bites are required to be reported due to the risk of exposure to rabies, a viral disease that has a mortality rate of almost 100% once victims become symptomatic. According to CVDC records, in 2015 alone, there were a total of 1242 animal exposures. Not only is there a high volume of cases handled by the CVDC annually, but within the CVDC, only one staff member investigates potential rabies exposures full time. 
The proposed program evaluation utilizes a mixed methods approach. The quantitative method utilized will be a statistical analysis and the qualitative method will include interviews with the CVDC staff formally working with the rabies program, as well as members of the Prince George’s Police Department, Animal Management and a selected health care facility. The goal is that the implementation of this evaluation will allow the CVDC to gather information in order to evaluate the efficiency of its rabies surveillance program. Ultimately, the desired conclusion from this analysis is to be able to better understand how the program is operating and whether changes could be implemented to improve program function. 
Public Health Relevance: Due to the necessity and thus permanence of programs such as the Prince George’s County’s rabies surveillance program, as long as these programs are resulting in their desired end goal, how well these programs are being implemented is never evaluated. There is no evaluation of how the resources are being allocated, whether the program is well staffed or how well the program is able to work with it collaborators-essentially the efficiency of the program. 
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Rabies is a viral encephalitis caused by the rabies virus (RABV) (Hankins, 2004). It has existed for over 4,000 years and can be found in most countries around the world (Rupprecht, 1996). There are even descriptions of what appears to be rabies as early as the 23rd century BC but it was not until Girolamo Fracastoro that the disease was described as we know it today and that that nature of the disease was really recorded (Fu, 1997). Approximately 55,000 human cases of rabies are reported each year (Jackson, 2009). However, the highest rates of rabies are in countries with high levels of canine rabies which includes a lot of Asia, Africa and Latin America (Jackson, 2009). In the United States, during the 1940s and 50s, there was a large reduction in human and canine rabies due to the mass vaccination of primarily dogs and cats (Rupprecht, 1996). Unfortunately, in other parts of the world, rabies remains a disease of poverty and is often neglected (Willoughby, 2015). 
RABV is a bullet-shaped, single stranded RNA rhabdovirus with a nucleocapsid core containing the nucleic acid and a lipoprotein envelope covered in transmembrane glycoprotein (Rupprecht, 1996). In order to replicate, the viral RNA is uncoated once it enters the cell cytoplasm (Rupprecht, 1996). The genome is then transcribed by an RNA polymerase that entered the cell with virus and ultimately the viral RNA is translated into one of five proteins (L-N,NS,G and N). N is the nucleoprotein, P is the phosphoprotein, M is the matrix protein, G is the glycoprotein and L is the polymerase (Hicks, 2012). 
Rabies has a long incubation period that can last anywhere from two weeks to several months with reported incubation periods as long as one year (World Health Organization [WHO], 2016). The virus can be transmitted from animal to animal or from animal to human. A human can become infected when the saliva of an infected animal is able to breach the skin barrier, due to a bite or scratch (Hankins, 2004). 
Due to RABV’s long incubation period, it can take an extended period of time before symptoms appear; however, once they appear, the disease is almost always fatal (WHO, 2016). The symptoms of rabies are divided into four stages: the prodromal, sensory, excitement and paralytic phases (Hankins, 2004). The prodromal phase includes symptoms like abnormal sensation at the site of infection, malaise, nervousness, fever and vomiting (Hankins, 2004). In the next stage, the sensory stage, victims often experience increased salivation, perspiration and lacrimation while in the excitement phase, victims can suffer from painful swallowing, sensitivity to sounds and lights, agitation, and hallucinations (Hankins, 2004). If victims survive the excitement phase, they enter the paralytic stage characterized by seizures, paralysis, coma and ultimately death (WHO, 2016). 
Once victims are infected with the rabies, due to the long incubation period, vaccinations can be administered post exposure, referred to as rabies post-exposure prophylaxis or PEP. For greatest efficacy, PEP is administered as soon as possible after the suspected exposure. Rabies PEP is a series of four vaccines approved by the WHO and is typically administered with a one-time dose of rabies immunoglobulin (RIG) which is given on Day 0 (WHO, 2016). 
The first vaccine for rabies was developed by Louis Pasteur and was first used to treat a human case of rabies in July of 1885. (Bordenave, 2003) Pasteur inoculated his patient with a subcutaneous injection of homogenized RABV infected rabbit spinal cord (Hick, 2012). The patient received an initial subcutaneous injection of homogenate that was fully inactivated (Hicks, 2012) Pasteur subsequently injected this patient with less and less attenuated cord samples until a total of 13 inoculations were administered over 10 days (Kammer, 2002). Although there was division about the safety of the vaccine, the medical community began utilizing Pasteur’s technique (Kammer, 2002). 
The currently used vaccines are a purified chick embryo cell culture vaccine and a human diploid cell vaccine which are administered intramuscularly in the deltoid while the human rabies immune globulin is administered into and around the wound site (Jackson, 2009) All vaccines currently used in the United States are inactivated viruses (Rupprecht et al, 2010). There could be variations in how many doses of vaccine are administered or the site of administration depending on the age of the victim as well as if the victim is immunocompromised (Centers for Disease Control and Prevention [CDC], 2016). For instance, when the victim is a child, the vaccine is administered in the anterior thigh instead of the deltoid (Rupprecht, 2002).
In the United States, the vaccine for rabies is readily available and all of the vaccine options are very effective. Although modern rabies vaccines are much more tolerable than older versions, occasional systemic reactions have been observed but this does not outweigh the benefits of the vaccine (WHO, 2016). In Prince George’s County, Maryland, where this evaluation plan will be implemented, PEP is recommended for people who have been bitten by a wild or domesticated animal that cannot be located for testing/quarantine, an animal that has tested positive for rabies or an animal that has become sick during quarantine. 
Since the risk of exposure to RABV is very rare and certain exposures are low risk, there is some reservation about vaccinating when not absolutely necessary. Once initiated, the interruption or discontinuation of prophylaxis could lead to local or systemic adverse reactions (Kroger & Weaver, 2013) Early diagnosis is difficult considering that unvaccinated victims usually do not produce viral antibodies until late in the course of disease when the victim is already symptomatic and the disease is fatal (Rupprecht, 1996). This is likely part of the reason why some health departments, PGHD included, choose to err on the side of caution, in questionable cases. 
1.1	CASE EXPOSURE INVESTIGATION PROCESS
In the state of Maryland, animal bite victims report potential rabies exposures at the local level. The state has a health department and within the state, each jurisdiction also has its own health department. Each jurisdiction is required to report any case exposures to the state health department at the end of each month. The particular jurisdiction targeted by this evaluation plan is Prince George’s County located in southern Maryland. This county had a population of 863,420 in 2010 and an estimated population of 909,535 as of July 2015 (United States Census Bureau, n.d.). 
Although the Prince George’s County Health Department [PGHD] is required to report animal bites to the state, there is no formal electronic means of doing so. Rabies is a disease and is included in Maryland’s National Electronic Disease Surveillance System [MD NEDSS], however, animal exposures are not diseases so they are not included in the MD NEDSS database. This means that each local health department is tasked with creating its own way of consolidating records and in the PGHD, reports are initially completed on paper and then certain information is transferred to an Excel based database. 
	An exposure (which can be a bite or a scratch) can be reported via several avenues; it can be reported directly to the PGHD CVDC, to Animal Management (AM), to the Prince George’s County Police Department (PGPD) or at a health care facility. Regardless of which entity the incident is reported to, the case report is sent to the PGHD CVDC, which is required to investigate all animal exposures. Once the CVDC receives the case report, the victim is contacted in order to obtain any additional details about the incident and to obtain any information that was not included on the incident report. If the victim in the case is not a resident of Prince George’s County, then the case is referred to the health department in the county where the victim resides. 
If the biting/scratching animal is domesticated and the owner information is included in the report or not included in the report but known to the victim, the animal owner is contacted and informed that they are required to quarantine their animal for 10 days in order to rule out the possibility that the animal is infected with rabies. After the owner is made aware of this requirement and agrees, the victim is then informed that the animal has been placed under quarantine for 10 days. The victim is also mailed a letter detailing the risks of contracting rabies and informing them that they will be notified in 10 days if the animal makes it out of quarantine or sooner if the animal becomes ill and they are recommended to obtain PEP. On the tenth day, the owner is contacted in order to ascertain whether the animal is alive and well. If the animal is alive and well, the victim is notified that no additional actions need be taken since the animal is alive and well and the case is labeled closed. If the animal becomes ill or dies during the quarantine period, the victim is referred for PEP. 
	If the biting/scratching animal is a wild animal or the owner information was not obtained and the animal cannot be located, the victim is contacted via phone and provided general information about rabies, the risk of rabies exposure and the severity of the disease and recommended for PEP. A letter is also mailed to the victim reiterating the risks of rabies infection and referring the victim for PEP. 
	When a victim is recommended for PEP, the case does not close until the end of the PEP series or until a reason arises that negates the need for the patient to continue with the series. When the victim is informed of their need to receive PEP, they are also referred to the location nearest to them where they can receive treatment. The facility documents what days the victim came in for treatment, what vaccine they were given, what volume of vaccine was given and where the vaccine was administered anatomically. Once the paperwork for the final vaccine is received by the CVDC, the case is marked as closed. 
	Typically, cases require only the involvement of the health department, the police department, and in the case of more serious exposures, a health care provider. However, AM can also become involved in an exposure case for several reasons. If a victim manages to capture a wild animal such as a bat, AM is called to the location and is able to take the animal and submit it for RABV testing. In cases when a domesticated animal is involved in an exposure and the owner does not want to keep the animal, AM can take custody the animal, hold it for the quarantine period and then make a decision as what should next be done with the animal such as putting the animal down or putting it up for adoption. 
During the course of the investigation, some of the information from the paper case reports is transferred to an Excel based database and it is from this database the CVDC’s Epidemiology supervisor retrieves the case information that is submitted to the state monthly.
As is stated earlier in this paper, program evaluations are a very valuable tool. Program evaluation is defined by Patton as, “the systematic collection of information about the activities, characteristics, and outcomes of programs to make judgments about the program, improve program effectiveness, and/or inform decisions about future program development” (Patton, 1997, p.23). Program evaluations enable the program to monitor its progress towards program goals, justify the need for future funding and ensure effective programs are kept running and that ineffective programs are not funded (CDC, 2012). Several types of programs exist and the purpose will dictate the type of evaluation conducted (Zint, n.d.) Evaluations tend to fall into two general categories: formative and summative (Zint, n.d.) Formative evaluations are carried out during the program implementation process and can be useful if you want to improve a program (Zint, n.d.). On the other hand, summative evaluations occur once a program is completed and are used to determine how well a program achieved its goals (Zint, n.d.). The utilization focused evaluation plan proposed in this paper falls under the formative evaluation category. 
2.0 	Program evaluation research design
The most important goal of this rabies surveillance program is to protect Prince George’s County residents from rabies exposure and in the event of an exposure, to prevent illness or death. However, the program operates with limited staff and receives a large number of cases annually. Records are only partially computerized (computerization is done manually not automatically), all of which likely has a negative effect on program performance. 
This paper will outline an evaluation plan that if implemented, will allow the staff of the PGHD CVDC to determine whether its rabies surveillance program is achieving its goals efficiently and whether any changes can and should be made to the implementation process. This evaluation will be conducted by two graduate students and will utilize a mixed methods approach; the quantitative method will be statistical analysis and the qualitative method will be interviews. The primary objective of this evaluation will be to answer whether the program is running efficiently. The program is meeting its ultimate goal but could the process of exposure investigation be streamlined? Are the resources in the program being used effectively? Are additional resources (eg. funding, staff) needed in order for the program to function optimally? 
2.1	Quantitative methods 
For the quantitative portion of the evaluation, statistical analysis will be utilized. This method will be used to measure the designated indicators, which are: the completeness and accuracy of written and computerized records, the number of high risk animal exposures and the number of days it takes to close a case. All of the quantitative analysis would be conducted using four years of records spanning from January 2012 to December 2015. 
The completeness of written and computerized records will be measured by first calculating the number of cases the CVDC received annually (from 2011-2015). Of the documented cases, evaluators will determine how many of these cases were computerized and how many were not (the computerized records do not need to be complete). Next, using the computerized records, evaluators will calculate how many were complete (they contained all of the pertinent information from the paper records), as well as how many of the paper records were complete. The number of errors observed in each victim’s paper and/or computerized record would also be calculated. Calculating the number of completed computerized records and the number of errors in the computerized and paper records will allow the evaluator to determine how effectively and efficiently the staff is able to computerize exposure data 
In order to identify the number of cases that will be considered high risk exposures, the percentage of cases that were due to altercations with an animal known to the victim in contrast to a foreign animal would be calculated. In addition, evaluators will also calculate the number of animals that were unvaccinated versus vaccinated as well as the percentage of unvaccinated animals which were known animals versus foreign animals. The number of case exposures due to an animal owned by the victim or residing in the same residence as the victim will also be calculated and the percentage of these cases that constituted the total number of cases within a given year will be calculated. The number of cases in which the animal was unknown to the victim, the animal had no record of vaccination and the attack was unprovoked would also be calculated and these cases would be labeled high risk exposures. Creating this system would allow the evaluator to determine whether there are a high number of high risk exposures or a high number of easily avoidable exposures which could be points of intervention for the CVDC staff. If they are able to intervene and prevent some of these cases, this will likely decrease the total number of exposures, decrease the overall workload and increase the efficiency of the program. 
The number of days to closure will be calculated for all cases. The number of days to closure will be broken down into two categories with 13 or less days to closure classified as a “timely” closure and closures of 14 days or greater to closure classified as an “untimely” closure. The evaluators will also calculate the number of victims who were recommended for PEP, and for these cases, the number of days to closure from the date of report as well as from the date the victim was referred for PEP. Calculating the number of days to closure will allow the evaluators to determine whether there are instances in which uncomplicated cases are taking extended periods of time to close. This may point to some inefficiency in the reporting process or perhaps the investigation process. 
Ultimately, the purpose of reviewing these records and conducting these calculations is to better understand how well the program is able to keep up with its case load and whether the cases are generally being closed in a timely manner. 
2.2	Qualitative methodS
For the qualitative portion of this evaluation, interviews with the CVDC staff, members of the PGPD, AM and a selected health care facility (Doctors Community Hospital) will be conducted. The interview questions are designed to determine the program staff’s knowledge of the goals of the program, the ability of the staff to perform their duties properly and the opinion of the staff about the efficiency of the program. The same is also true for the members of the collaborating organizations that will be interviewed. 
First, the interview portion of this evaluation will be administered to the CVDC staff members involved with the rabies program as well as the CVDC director. This includes both full time and half time staff, a total of three health department employees. Each employee will be administered the interview in private. The participants will be informed that the responses to each interview will be shared with all members of the program and potentially with all CVDC staff. The names of the interview subjects and the full transcript will be available only to the evaluators. 
The interview will also be administered to three PGPD officers who have been identified through exposure records as being responding officers in reported animal exposures. In addition, the interview will be administered to three employees of AM who have dealt with exposure incidents. Finally, the interview will be administered to two nurses and one doctor from Doctors Community Hospital who have treated patients who have come to the hospital due to an animal exposure. Each person will be interviewed in private and they will be informed that the de-identified transcripts of their interview may be shared with others within their respective organizations as well as the members of the CVDC involved in the rabies program. 

The interview will include the following questions: 
1.	What are the formal goals/objectives of the program?
2.	Do you believe that the program is meeting its formal goals?  How and why?  
3.	Do you think the goals should be different or could be improved? How?
4.	Do you think the program is running efficiently?
5.	What, if anything, do you believe the program could do to more effectively utilize its resources which may include human labor, money, amongst other things? 
6.	What is your job in the program? What role do you play in carrying out the program?
7.	What tasks are you responsible for?
8.	Would you say that you can complete your tasks effectively?  Why or why not?
9.	Are you satisfied with your access to the resources required for your job? 
10.	What if any barriers do you feel prevent you from properly completing your tasks? Or perhaps that complicate your job?

Ultimately, the purpose of these questions is to better understand the knowledge and opinions of the staff who participate in this program as well as the many people outside of the CVDC that also play a role in the program. First and foremost, the evaluation seeks to determine whether the CVDC staff and the other key players in the program are actually aware of the formal goals of the program and whether what they believe to be the goals are very different from what they really are. If members of the program are either unaware of the actual goals of the program or do not agree with the goals of the program, this could have an impact on how the program is being implemented and this may need to be addressed. In addition, these questions will allow the program to learn whether the employees both inside and outside the CVDC feel they are properly supported in their jobs and whether they feel that there are ways the program could be improved. 


3.0 	Discussion and future recommendations
Although this program evaluation has not been implemented, preliminary analysis conducted during my practicum exposed some areas for program improvement. Currently, exposure reports are completed on paper. The reports can be filled out by the CVDC, the PGPD, a health care institution or AM, and if the report is initially completed outside of the health department, it is faxed to the CVDC and parts of the report are entered into an Excel database. This leads to additional work for the staff, errors in the computerized records and illegible faxed records. Transitioning to computerized forms will likely cut down on issues concerning illegible faxes and errors accumulated during the transference of data from paper reports to computerized reports, thereby making future evaluations easier. 
The clear benefits of using computerized forms seem to point to the need for a computerized method of entering exposure records. There could be a central database developed in which members of the CVDC, PGPD, AM and health care facilities such as Doctors Community Hospital could directly enter their exposure reports. This would eliminate the need to fax records and would give the CVDC instantaneous access to reports which would allow them to begin the exposure process as soon as an exposure is documented. However, the feasibility of this type of system as well as the receptiveness of the various parties to computerization of the exposure reporting process is unknown and would require further investigation. 
Prince George’s County is doing a good job of adhering to best practices such as investigating animal bite reports, recording all calls and activities and capturing stray domestic animals. However, there are some best practices, like some in Maine that could have positive impacts if implemented or more heavily enforced in Prince George’s County. In Maine, according to the Maine Department of Agriculture, Conservation and Forestry, best practices include public education for schools and other groups about rabies prevention and the need to spay and neuter pets (Maine Department of Agriculture, Conservation and Forestry, n.d.). Although this is already occurring in Prince George’s County, a greater emphasis on the dangers of rabies, the types of behavior that would be considered provoking an animal and the risks of an animal exposure associated with certain behaviors could help educate people who may not already be aware of this information and potentially prevent avoidable exposures.  
There are several limitations to the evaluation design. Some of the questions asked during the interviews are probing and the answers to these questions could be controversial. Since the interview results may be shared with other persons within the CVDC as well as within the other organizations being interviewed, it is quite possible that de-identification of results will not ensure anonymity. The prospect that the responses of the interview subjects may be traced back to them may lead to social desirability bias which may impact interview responses. This could mean that important problems within the program will not be discovered because participants do not feel comfortable discussing them. 
Another limitation of this evaluation is the fact that much of the policy and decision making is not made at the local level but rather at the state level. Even if problems or places to increase the efficiency and effectiveness of the program are identified, the CVDC may not have the capacity to implement the changes that may be suggested by the evaluation. Certain changes may be in conflict with the policies outlined for the program or the viewpoints of other important persons which may diminish the impact of the results of this evaluation. 
Overall, the goal is that the implementation of this evaluation will allow the Prince George’s County Health Department to really understand the true workings of their rabies program and to better understand what steps can be taken to increase the efficiency of program. The goal of this evaluation is to promote positive changes such as the computerization of records and an increase in public education which should lead to a better functioning program. 
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